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( )
, “ Greenberg ” (“$\mathrm{G}\mathrm{r}\mathrm{e}\mathrm{e}\mathrm{n}\mathrm{b}\mathrm{e}\mathrm{r}\mathrm{g}’ \mathrm{s}$ gener-
alized conjecture” , GGC ) ,
. R. Greenberg 1971 $[\mathrm{G}_{1}]$ “ Greenberg
” , , 3 ,
([o] ) ,
. , Greenberg ,
. ( $[\mathrm{G}_{2}]$ Conjecture 35). (GGC) , Lannuzel-
Nguyen Quang Do [LN], McCallum [Mc] , ,





, $p$ prO-p ( ) prO-
$p$ , “ $\mathbb{Z}_{p}$ ” $(\mathbb{Z}_{p}\cross\cdots\cross$
$\mathbb{Z}_{p})$ , , $p$
( $\mathbb{Z}_{p}$ $p$ ). , , $p$
prO-p ,





$k$ $p$ $(k,p)$ . $(k,p)$
, “ ” . $p$ $k$ $S_{p}$
. , , $p>2$ ( , $k$ prO-p
$k$ )
, $k(p)/k$ $S_{p}\underline{\text{ ^{}-}C^{\mathrm{Y}}}$ $k$ prO-p .
$G_{k}(p)=Gal(k(p)/k)$ prO-p ,
$h^{1}=h^{1}(G_{k}(p))(=\dim H^{1}(G_{k}(p), \mathbb{Z}/p))$ $h^{2}=h^{2}(G_{k}(p))$
$(=\dim H^{2}(G_{k}(p), \mathbb{Z}/p))$ ,
$h^{1}-h^{2}=r_{2}+1$ ($r_{2}=r_{2}(k)$ $k$ )
. $h^{2}$ ( [NSW] Th 873 ) ,
, $h^{2}=0$ $G_{k}(p)$ prO-p ( , $r_{2}+1$ )
(\S 5-1 ) .
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$k(p)/k$ $k(p)^{ab}$ , $G_{k}(p)$
$G_{k}(p)^{ab}$ . $G_{k}(p)^{ab}=Gal(k(p)^{ab}/k)$ . ,
$G_{k}(p)^{ab}$ $G_{k}(p)$ $h^{1}$ (Burnside ) ,
, $G_{k}(p)^{ab}$ prO-p $\mathbb{Z}_{p}$ , $\mathbb{Z}_{p}^{h^{1}}$ .
$G_{k}(p)^{ab}$ $\mathbb{Z}_{p}^{h^{1}}$ , $G_{k}(p)$ $h^{2}$
“ ” , $h^{2}$
. , $\mathrm{t}\mathrm{o}\mathrm{r}$ torsion , ,
(1.2.1) $G_{k}(p)^{ab}\cong \mathbb{Z}_{p}^{r}\cross(G_{k}(p)^{ab})^{tor}$ ,
(1.2.2) $r\geq h^{1}-h^{2}=r_{2}+1$ ,
. (1.2.2) ,
Leopoldt . , $k$ ( non-torsion ) $p$





$\mathbb{Z}_{p}$ $p$ , $F_{d}^{(p)}(d=1,2, \ldots)$ $d$ Pro-P .
$F_{1}^{(p)}$
$\cong \mathbb{Z}_{p},$ $(F_{d}^{(p)})^{ab}\cong \mathbb{Z}_{p}^{d}$ ( ab ) .
, $\mathbb{Z}_{p}$ ( ) , $F_{d}^{(p)}$ ( - ) ,
, .
. $k$ $\cong \mathbb{Z}_{p}^{d}$ , $\cong F_{d}^{(p)}$ $k(p)$
.
. prO-p . ,
$\grave{\grave{\mathrm{a}}}$
$S_{p}$ , $\mathbb{Z}_{p}^{d}$
Fd(p ( $\infty$ $v\{p$ ( cyclic)
)
$\tau^{2}=1$ , $\tau\neq 1$ ,
,
$\sigma\tau\sigma^{-1}=\tau^{l^{f}},$ $\tau\neq 1,$ $l$ : $\neq p,$ $f\geq 1$ ,
$\sigma,$ $\tau$ . ( $\mathbb{Z}_{p}^{d}$ torsion , $F_{d}^{(p)}$
prO-p !) .
. , , $p=2$ .
1.4
$k(p)^{ab}/k$ $G_{k}(p)^{ab}$ torsion $K$ ,
(1.2.1) , $Gal(K/k)\cong \mathbb{Z}_{p}^{r}$ . \S 1.3 $k$ $\mathbb{Z}_{p}^{d}$
$k(p)$ , $k(p)^{ab}$ \iota . $\mathbb{Z}_{p}^{d}$
$\mathbb{Z}_{p}^{d’}$ $\mathbb{Z}_{p}^{d’’}$ , , $K$ $k$ $\mathbb{Z}_{p}$
, $k$ $\mathbb{Z}_{p}^{d}$ . $K$ “
.
$k(p)^{ab}$ $K$ , $(G_{k}(p)^{ab})^{tor}=Gal(k(p)^{ab}/K)$ ( ,
.
197
, $k$ F p 513 $k(p)$ , $k$ $F\ovalbox{\tt\small REJECT}^{p)}$
$G,(p)$ $\mathrm{p}\mathrm{r}\mathrm{o}\ovalbox{\tt\small REJECT}$ .
, $\mathrm{f}\mathrm{i}5$ .
2 $L/K$ $\mathbb{Z}_{p}[[t_{1}, \ldots, t_{r}]]$ - $X=Gal(L/K)$
21
, $k\subset K\subset L\subset k(p)$ $K,$ $L$ , $K/k$ $L/K$
, $L/k$ , $X=Gal(L/K)$ (prO-p
) $\mathbb{Z}_{p}$ . $\Gamma=Gal(K/k)$ $X$
$X\ni xarrow\gamma(x)=\tilde{\gamma}x\tilde{\gamma}^{-1}\in X$
$(\gamma\in\Gamma)$ . $\tilde{\gamma}\in Gal(L/k)$ $\gamma$ ( $\gamma(x)$ $\tilde{\gamma}$
) . $\mathbb{Z}_{p}$ $\Gamma$ , $\mathbb{Z}_{p}$ , $\mathrm{A}=$
$\mathbb{Z}_{p}[[\Gamma]]$ $X$ , $X$ $\Lambda-$ .
22
, $K$ $k$ $\mathbb{Z}_{p}$ ( $\mathbb{Z}_{p}$ ) , $L$ $K$
prO-p , $X=Gal(L/K)$ A $=\mathbb{Z}_{p}[[\mathbb{Z}_{p}]]-$
. , Serre
, . 1970 , Greenberg
$k$ $\mathbb{Z}_{p}$ $K$ A $X$ , $K$ $k$ $\mathbb{Z}_{p}^{d}$
$(d\geq 1)$ . A $\mathbb{Z}_{p}$ $d$
. , $\mathbb{Z}_{p}^{d}$ $\gamma_{1},$ $\ldots,$ $\gamma_{d}$ , $t_{:}=\gamma_{i}-1(1\leq i\leq d)$
, $\mathbb{Z}_{p}[[\mathbb{Z}_{p}^{d}]]=\mathbb{Z}_{p}[[t_{1}, \ldots, t_{d}]]$ . UFD ( )
. $d=1$ ( ) Greenberg
.
(Iwasawa, Greenberg). $K$ $k$ $\mathbb{Z}_{p}^{d}$ $(1 \leq d\leq r)$ , $L/K$
prO-p . ( $L\subset k(p).$ ) , $X=Gal(L/K)$






$\xi_{s}\in X,$ $f\in\Lambda,$ $f\neq 0$ .
( $K/k$ )
, $\Lambda-$ ,
– $X$ $\Lambda$ $f\neq 0$ – ,
. , $K/k$ ,
$K/k$ $k’/k$ $p$-Sylow
$Cl(\mathcal{O}_{k’})^{(p)}$ $\mathbb{Z}_{p}[Gal(k’/k)]$ , $Cl(\mathcal{O}_{k’})^{(p)}$
$f_{k’}\in \mathbb{Z}_{p}[Gal(k’/k)]$ , $k’$ compatible $k’$
$f_{k’}\neq 0$ , . ( $\sum_{\sigma}\sigma$ com-
patible . ) Stickelberger






(GGC) . , $K,$ $L$ .
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$K$ 1.4 ,
$k\subset K\subset k(p)^{ab}$ , $[k(p)^{ab} : K]<\infty$
,
$Gal(K/k)\cong \mathbb{Z}_{p}^{r}$ ,
$L$ , $K$ prO-p ( $L\subset k(p)$ ) “
$L$”
$M$ : K $k(p)$
$=S_{p}$ $K$ prO-p ,
,
$X=Gal(L/K),$ $\mathrm{Y}=Gal(M/K)$
$\Lambda=Gal(K/k)\cong \mathbb{Z}_{p}[[t_{1}, \ldots, t_{r}]]$ . \S 2.2
$X$ torsion $\Lambda-$ . ( $\mathrm{Y}$ \S 4.2 )
199
3 $-\Re$ Greenberg (GGC)
31
$K,$ $L$ \S 2.3 , $\mathrm{A}=\mathbb{Z}_{p}[[Gal(K/k)]]\simeq \mathbb{Z}_{p}[[t_{1}, \ldots, t_{f}]],$ $X=Gal(L/K)$
, $X$ $\Lambda-$ . $X$ ann ator
$Ann_{\Lambda}(X)=\{\lambda\in\Lambda;\lambda x=0\forall x\in X\}$
A , \S 2.2 $Ann_{\Lambda}(X)\neq(0)$ ,
?(GGC) (cf. [G2]Conj. 35).
(GGC). $\Lambda$ $Ann_{\Lambda}(X)$ 2 , A 1
.
. A $UFD$ , $\neq(0)$ 1\leftrightarrow . ,
.
$(*)$ $Ann_{\Lambda}(X)$ A .
, .
$(**)$ $Ann_{\Lambda}(X)$ 2 $f,$ $g$ .
$f,$ $g\in \mathrm{A}$ , $f,$ $g$ A .
, $|S_{p}|=1$ $k$ $\grave{\grave{\mathrm{a}}}$ $p$ $X=0$ ,
(GGC) . ( , $p$ $G$ Burn-
side . . . $G$ $I$ $G^{ab}$ $G^{ab}$ $I=G\cdots$ $k(p)/k$
$k’$
$p$-Hilbert $k^{H}$’ $G=Gal(k^{H}’/k)$ $p$
$I$ )
32
$k$ , Leopoldt $r=r_{2}+1=1,$ $\mathrm{A}\simeq \mathbb{Z}_{p}[[t]]$ . ,
$rightarrow\Lambda/Ann_{\Lambda}(X)$ : \leftrightarrow X:
200
Greeberg , ([O]
) . , $(k,p)$ Greenberg $p$
$k$ , $k=\mathbb{Q}$ . $k=\mathbb{Q}$ , $K$
$\mathbb{Z}_{p}$ $L=K,$ $X=0$ . , $karrow\supset \mathbb{Q}$ , Greenberg
$p$ . $p$ $\langle$ , $|S_{p}|\geq 2$ , $k/\mathbb{Q}$
$p$ , $p$
.
$k= \mathbb{Q}(\mu_{p})^{+}=\mathbb{Q}(\cos\frac{2\pi}{p})$ $(k,p)$ (Leopoldt $r=$
1) , Vandiver $X=0$ , $p<12,000,000$
$p$ . , $((k,p)$ )
Greenberg , Vandiver .
33
(GGC) $[\mathrm{G}_{2}]$ ,
. , $p$ Artin $L$ ( $\not\equiv 0$ )
. Greenberg , ,
, , ,
. , “ ” .
$Ann_{\Lambda}(X)$ $\geq 2$ , $\psi$ : $\Lambdaarrow \mathbb{Z}_{p}[[t]]$ (
) $\mathrm{K}\mathrm{e}\mathrm{r}\psi$ ( $(r+1)-2=r-1$ ) $\Lambda$ $(Ann_{\Lambda}(X)+$
$\mathrm{K}\mathrm{e}\mathrm{r}\psi)$ “ ” ( “ $\psi$” ) $2+(r-1)=r+1$ ,
$\Lambda/(Ann_{\Lambda}(X)+\mathrm{K}\mathrm{e}\mathrm{r}\psi)$
, . $K/k$ $\mathbb{Z}_{p}$ $K_{1}/k$ , $\gamma$
$Gal(K_{1}/k)\simeq \mathbb{Z}_{p}$ , $t=\gamma-1$ , $Gal(K/k)\simeq \mathbb{Z}_{p}^{r}$
$\gamma_{1},$
$\ldots,$
$\gamma_{r}$ , $\gamma_{i}|_{K_{1}}=\gamma^{a_{i}}$ ( $a_{1},$ $\ldots,$ $a_{r}\in \mathbb{Z}_{p}$ , $\not\equiv 0$ $(\mathrm{m}\mathrm{o}\mathrm{d} p)$ ), $t_{i}=$
$\gamma_{i}-1(1\leq i\leq r)$ , $Gal(K/k)arrow Gal(K_{1}/k)$
$\psi$ : $\Lambda=\mathbb{Z}_{p}[[t_{1}, \ldots, t_{r}]]arrow \mathbb{Z}_{p}[[t]];t_{i}arrow(1+t)^{a}:-1$
$(1\leq i\leq r)$ . $X_{1}=X/(\mathrm{K}\mathrm{e}\mathrm{r}\psi)X$ , $Gal(K/K_{1})$
$X$ , $X_{1}=Gal(L/L_{1}’)$ .




, (GGC) , “–
$K_{1}$
”
$X_{1}$ $\Lambda/(Ann_{\Lambda}(X)+\mathrm{K}\mathrm{e}\mathrm{r}\psi)-$ , $|X_{1}|<\infty$ ,
$Gal(L_{1}/K_{1})$ $k$ $Gal(L_{1}/K\cap$
$L_{1})$ , . , $K$
$p$ ( $|S_{p}|=1$ ) $X=(\Lambda/Ann_{\Lambda}(X))^{s}$
, $Gal(L_{1}/K_{1})$ $\mathbb{Z}_{p}$ $K_{1}/k$ (
$L_{1}K=L_{1}’$ ) , $\Lambda/(Ann_{\Lambda}(X)+\mathrm{K}\mathrm{e}\mathrm{r}\psi)$ ( $\psi$ )
, $Ann_{\Lambda}(X)$ $\geq 2$ .
, (GGC) , $k$ “ $\mathbb{Z}_{p}$ ” $K_{1}$ $l_{}^{\wedge}$
.
$Gal(L_{1}/K_{1})$ “ ” , .
4(GGC) , , [LN] [Mc]
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Greenberg , (GGC) $K/k$ “capitulation”
.








, (GGC) $\mathrm{Y}=Gal(M/K)$ (\S 2.3) :
$([\mathrm{M}\mathrm{c}]\mathrm{C}\mathrm{o}\mathrm{r}\mathrm{l}4)$ . $k\supset\mu_{p}$ , $\mathfrak{p}\in S_{p}$ $K/k$ $\mathfrak{p}$ $\mathbb{Z}_{p}$
$\geq 3$ ($p>3$ ) .
$(\mathrm{G}\mathrm{G}\mathrm{C})rightarrow \mathrm{Y}$ A-torsion free.
, $\mathrm{Y}$ $X’=Gal(L’/K)$ Jannsen
. $L’/K$ $S_{p}$ $K$ $L/K$
. $X$ $X’$ “ ” .
. $\mathrm{Y}$ $\Lambda-$ ( ) .
, $G_{k}(p)$ prO-p $\mathrm{Y}$
.
4.1 4.2 ] $|S_{p}|=$ $1$ .
$N=K(\epsilon^{1/p^{n}}$ ; $n\geq 1$ , $\epsilon\in \mathcal{O}_{K}[\frac{1}{p}]\cross)$
, $K\subset N\subset M$ , $k\supset\mu_{p}$ , ( $K\supset\mu_{p\infty}$ ) $|S_{p}|=1$
, $Gal(N/K)$ $\Lambda$-torsion free $([\mathrm{M}\mathrm{c}]\mathrm{T}\mathrm{h}3)$ .
$F$
$Cl\{$




4.3 $(\mathbb{Q}(\mu_{p}),p)$ (GGC) ([Mc]).
$p$ $\mathbb{Q}(\mu_{p})$ $p$ regular prime, irregular prime
.
$p$ :regular $X=0$ (GGC) .
$p$ :irregular :
203
$([\mathrm{M}\mathrm{c}]\mathrm{T}\mathrm{h}\mathrm{l})$ . $p$ : irregular prime (1)(2) .
(1) $\mathbb{Q}(\mu_{p})$ $p$ T $p$ .
(2) $\mathbb{Q}(\mu_{p})$ $E$ , $\mathbb{Q}_{p}(\mu_{p})$ $U$ , $E$ $U$ $p$ $\overline{E}$
, $U/\overline{E}$ $p$ torsion $(U/\overline{E})[p^{\infty}]$ $\mathbb{Z}/p$ .
$(\mathbb{Q}(\mu_{p}),p)$ (GGC) .
McCallum , $p<400$ $3600<p\leq 4001$ irregular
primes 3/4 (1) (2) .
( ) $p=37,59,67,101,103,131,149,$ $\ldots$
( ) $p=157,353,$ $\ldots,$ $691,$ $\ldots$
. $k(p)^{ab}/k$ , $k$ Hilbert p- $k^{H}/k$ ,
(1) (2)
(1)’ $Gal(k^{H}/k)\cong \mathbb{Z}/p$ ,
(2)’ $Gal(k(p)^{ab}/k^{H})^{\mathrm{t}\mathrm{o}\mathrm{r}}\cong \mathbb{Z}/p$
. (1)’ $h^{1}(G_{k}(p))=L+\underline{1}2+1,$ $h^{2}(G_{k}(p))=1$ , $G_{k}(p)=Gal(k(p)/k)$
+1 $\mathrm{p}\mathrm{r}+p$ 1 .
, $Gal(k^{H}/k),$ $Gal(k(p)^{ab}/k^{H})$ $p$-torsion , $Gal(k(p)^{ab}/k)$
$+1$ 1 , (1) (2) $Gal(k(p)^{ab}/k)\cong$
$2\pm\underline{1}$
$\mathbb{Z}_{p^{2}}$ $\cross \mathbb{Z}/p^{e}$ ($e=1$ 2) .
5 $k$ prO-p
51
$d\geq 1$ prO-p $F_{d}^{(p)}$ $k$ ,
$k(p)$ (\S 1.3) , $G_{k}(p)$ $F_{d}^{(p)}$
. $d$ $\rho_{k}(p)$ ? $F_{d}^{(p)}$
$\mathbb{Z}_{p}^{d}$ , $\rho_{k}(p)\leq r$ . $[\mathrm{Y}]\S 4$ K. Wingberg
, $\rho_{k}(p)<r=r_{2}+1$ .
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$G_{k}(p)$ prO-p , $\mathrm{D}\cdot 1$ $h^{2}(G_{k}(p))\ovalbox{\tt\small REJECT} 0$
( $[\mathrm{N}\mathrm{S}\mathrm{W}]\mathrm{T}\mathrm{h}873$ $\ovalbox{\tt\small REJECT}$ $p>2$ ) $\ovalbox{\tt\small REJECT}$
$h^{2}$ (Gk(p))=0\leftrightarrow (i)(ii) .
$\{$
(i) $\mu_{p}\not\subset k$ $\mu_{p}\not\subset k_{\mathfrak{p}}$ $(\forall \mathfrak{p}\in S_{p})$ ,
$\mu_{p}\subset k$ $|S_{p}|=1$ .
(ii) $\alpha\in k^{\cross}$ , $k$ $v$ $\mathrm{o}\mathrm{r}\mathrm{d}_{v}(\alpha)\equiv 0(\mathrm{m}\mathrm{o}\mathrm{d} p)$ ,
( $v\in S_{p}$ ( $\alpha\in(k_{v}^{\cross})^{p}$ $\alpha\in(k^{\cross})^{p}$ .
( $\mu_{p}\subset k$ (ii)
$(\mathrm{i}\mathrm{i})’$ $Cl( \mathcal{O}_{F}[\frac{1}{p}])^{(p)}=0$
.
$k=\mathbb{Q}$ $h^{1}-h^{2}=1,$ $h^{2}=0$ $G_{\mathbb{Q}}(p)\cong \mathbb{Z}_{p}=F_{1}^{(p)}$ $(p>2)$ .
$k=\mathbb{Q}(\mu_{p})$ ( $p>2$ )
$h^{1}-h^{2}= \frac{p+1}{2}$ , $h^{2}=0rightarrow p$ : regular.
, $p$ : regular $G_{\mathbb{Q}(\mu_{p})}(p)\simeq F_{\mathrm{u}+\underline{1},2}^{(p)}$ , $p$ : irregular $h^{2}>0$
. ( , $[\mathrm{N}\mathrm{S}\mathrm{W}]\mathrm{T}\mathrm{h}8.7.3$ , $h^{2}$ $\mathbb{Q}(\mu_{p})$ p-
Sylow $(p, \cdots,p)$ . ) , $k=\mathbb{Q}(\mu_{p}),$ $p$ : irreg-
ular , $G_{\mathbb{Q}(\mu_{\mathrm{p}})}(p)$ $F_{R_{\frac{p)+1}{2}}}^{(}$ .
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$([\mathrm{M}\mathrm{c}]\mathrm{T}\mathrm{h}2)$ . $p$ :irregular p me . $(\mathbb{Q}(\mu_{p}),p)$ (GGC) ,
$G_{\mathbb{Q}(\mu_{p})}(p)$ F .
, , , $F=F_{\epsilon\pm,2}^{(p)}\underline{1}$ , $F’=(F, F),$ $F”=$
$(F’, F’)$ , $G_{\mathbb{Q}(\mu_{\mathrm{p}})}(p)$ $F/F”$ .
, $(, )$ .
, ( $[\mathrm{M}\mathrm{c}]\mathrm{T}\mathrm{h}2$ ) .
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( ) $r=\mathrm{L}+\underline{1}2’ F=F_{r}^{(p)}$ , $k(p)/k$ $(F/F”)-$ $\Sigma/k$
; $Gal(\Sigma/k)=F/F’’$ . $\Sigma/k$ $\Sigma^{ab}/k$
$F/F^{u}$ $F’/F”$ $\Sigma/k$ , $Gal(\Sigma^{ab}/k)=F/F’\cong$






(prO-p) $F’/F”(=\mathrm{Y}/\mathrm{Y}_{1})$ $\mathrm{A}=\mathbb{Z}_{p}[F/F’\mathrm{I}\cong \mathbb{Z}_{p}[t_{\mathrm{b}}\cdots,$ $t_{r}\mathrm{J}$
, Blachfield-Lyndon ,
$F’/F” \simeq\{(\lambda_{1}\Lambda’\ldots, \lambda_{f})\in\Lambda^{f}; \sum_{i=1}^{f}\lambda_{i}t_{i}=0\}$ .
A $\Lambda^{0}$ , $(F’/F”) \bigotimes_{\Lambda}\Lambda^{0}$ $\Lambda^{0}$ $r$ -
1 . , $\mathrm{Y}=Gal(M/K)$ , Jannsen, Nguyen-Quang Do
, $\mathrm{Y}$ $\Lambda$ $\dim_{\Lambda^{0}}(\mathrm{Y}\bigotimes_{\Lambda}\Lambda^{0})=r-1$ ( $[\mathrm{M}\mathrm{c}]\mathrm{T}\mathrm{h}\mathrm{l}0$
) . $\dim((\mathrm{Y}/\mathrm{Y}_{1})\bigotimes_{\Lambda}\Lambda^{0})=\dim(\mathrm{Y}\bigotimes_{\Lambda}\Lambda^{0})$ . $\mathrm{Y}_{1}\bigotimes_{\Lambda}\Lambda^{0}=0$ , $\mathrm{Y}_{1}$
$\Lambda$-torsion. $|_{\vee}$ (GGC) $\mathrm{Y}$ torsion-free (\S 4.2). $\mathrm{Y}_{1}=0$ ,
$M=\Sigma$ . $M/K$ $k(p)/K$ , $M\supset k(p)^{ab}$ .
$M=\Sigma$ $\Sigma^{ab}=K$ , $K=k(p)^{ab}$ .
$Gal(k(p)^{ab}/k)\cong \mathbb{Z}_{p}^{r}$ . $p:\mathrm{r}\mathrm{e}\mathrm{g}\mathrm{u}\mathrm{l}\mathrm{a}\mathrm{r}$ .
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6 $\mathrm{P}^{1}-\{0,1, \infty\}$ prO-p [Sh]
6.1
R. Sharffi [Sh] . –,
[Ih] Lect I\S 5-6 , (GGC)





$\mathbb{Q}$ $G_{\mathbb{Q}}$ , $G_{k}=\mathrm{G}\mathrm{a}1(\overline{\mathbb{Q}}/\mathbb{Q}(\mu_{p}))$
, $G_{k}(p)=\mathrm{G}\mathrm{a}1(k(p)/k)$ ( ) .
$\pi_{1}$ $G_{k}(p)$ ffltration graded Lie algebra
$\mathfrak{g}_{p}=\oplus m\geq 3gr^{m}\mathfrak{g}_{p}$
. $gr^{m}\mathfrak{g}_{p}$ $\mathbb{Z}_{p}$ , $\mathfrak{g}_{p}$ $\mathbb{Z}_{p}$ Lie
, $[gr^{m}\mathfrak{g}_{p}, gr^{n}\mathfrak{g}_{p}]\subset gr^{m+n}\mathfrak{g}_{p}(m, n\geq 3)$ . $m\geq 3$
Soule’character 1 $\mathbb{Z}_{p^{-}}$ $(\neq 0)$
$\kappa_{m}$ : $gr^{m}\mathfrak{g}_{p}arrow \mathbb{Z}_{p}$
. $gr^{m}\mathfrak{g}_{p}=\mathbb{Z}_{p}\sigma_{m}+\mathrm{K}\mathrm{e}\mathrm{r}(\kappa_{m})$ $\sigma_{m}\in gr^{m}\mathfrak{g}_{p}$ $m\geq 3$
. , Hain-Matsumoto [HM] , $\mathfrak{g}_{p}\otimes \mathbb{Q}_{p}$
$\mathbb{Q}_{p}$ Lie $\sigma_{m}$ ( $m$ : $\geq 3$ ) . –
, Deligne ( ) .
(D). $\sigma_{m}$ ( $m$ : $\geq 3$ ) $\mathfrak{g}_{p}\otimes \mathbb{Q}_{p}$ Lie free generators
.
$G_{k}(p)$ $\pi_{1}$ , $\otimes \mathbb{Q}_{p}$ $\mathfrak{g}_{p}$
. [Ih] , $p=691,$ $m=12$ ( $p|B_{m}$ ( ) )
, $[\sigma_{3}, \sigma_{9}]$ $[\sigma_{5}, \sigma_{7}]$ “stable derivation algebra” 12




(Sharffi[Sh]). (D) (i)(ii) .
(i) $p$:regular , $\mathfrak{g}_{p}$ $\sigma_{m}$ ( $m$ : $\geq 3$ ) , $G_{k}(p)$ $\pi_{1}$
.
(ii) $p$ :irregular , $p$ Vandiver $(k,p)$ (GGC)
, $\mathfrak{g}_{p}$ $\sigma_{m}$ ($m$ : $\geq 3$) .
(ii) , , $p=691$ (GGC)
, .
. $gr^{m}\mathfrak{g}_{p}$ $G_{k}(p)$ , $\sigma_{m}$
$\tilde{\sigma}_{m}\in G_{k}(p)$ , $\tilde{\sigma}_{3},\tilde{\sigma}_{5},$ $\ldots,\tilde{\sigma}_{p}$ , $\mathrm{G}\mathrm{a}1(\mathbb{Q}(\mu_{p}\infty)/k)$
$(\cong \mathbb{Z}_{p})$ $G_{k}(p)$
$\gamma$ , $\tilde{\sigma}_{m}(m=p+2, \ldots)$
, .
(Vandiver . )
$p$:regular , $G_{k}(p)$ $\tilde{\sigma}_{3},$ $\ldots$ , $\tilde{\sigma}_{p}$ , $\gamma$ prO-p ,
$\mathrm{G}al(k(p)/K)$ $\tilde{\sigma}_{m}$ ($m$ : , $\geq 3$) prO-p
, (D) .
$p$:irregular , $\mathrm{g}_{p}$ $\sigma_{m}$ free Lie algebra
, $G_{k}(p)$ $\pi_{1}$ $k(p)^{*}$ , $\mathrm{G}al(k(p)^{*}/k)$
$\sigma_{3},$
$\ldots,$ $\sigma_{p},$
$\gamma$ prO-p( ) , 52
, .
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